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Objective: To examine whether the ratio of the second and fourth metacarpal bone length (MC2:MC4) in
subjects with prior meniscectomy of the knee is associated with radiographic hand and knee osteoar-
thritis (OA) and its progression.
Design: We assessed 219 subjects (175 men and 44 women) twice with a follow-up time ranging from 4
to 10 years. Participants had all undergone prior meniscectomy. The subjects were of mean (SD) 53 (11)
years of age at the ﬁrst radiographic examination. One observer measured the metacarpal lengths of both
hands. We used the average MC2:MC4 from left and right hand divided into tertiles as the exposure
variable, using the highest tertile, i.e., “female” pattern as reference category. Radiographic OA of both
hands and knees and its progression were evaluated on subject level as our outcomes. We used logistic
regression to evaluate the possible association of MC2:MC4 with hand and knee OA and its progression
with adjustment for age, sex, body mass index, and follow-up time.
Results: We found no statistically signiﬁcant association between the lower MC2:MC4 tertile “male”
pattern and prevalent hand OA (odds ratio [OR] 0.70; 95% conﬁdence interval [CI] 0.24e1.99) and
prevalent knee OA (OR 1.08; 95% CI 0.56e2.07). Neither did we ﬁnd any corresponding signiﬁcant
association for the progression of hand OA (OR 0.89; 95% CI 0.34e2.32), nor knee OA (OR 0.69; 95% CI
0.33e1.46).
Conclusions: We did not detect any association between MC2:MC4 and radiographic hand and knee OA
and its progression in subjects with prior meniscectomy.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
“Male pattern” of ﬁnger length, i.e., a shorter index ﬁnger than
ring ﬁnger, has been reported to be associated with a variety of
behavioral and physiological characteristics including but not
limited to serum testosterone levels in adult age1, congenital ad-
renal hyperplasia2, coronary heart disease3, and athletic ability4,5.
Furthermore, a couple of caseecontrol studies have suggested thatP.T. Paradowski, Department
en, SE-971 89 Luleå, Sweden.
ail.com (P.T. Paradowski),
martin.englund@med.lu.se
s Research Society International. Pa smaller ratio between index and ring ﬁnger length, i.e., “male”
pattern, may be associated with osteoarthritis (OA) of the knee6,7.
However, more recently this association could not be conﬁrmed in
a large population-based study8. Noteworthy, ﬁnger lengthsmay be
inﬂuenced by the presence of interphalangeal joint OA9, ﬁnger
fractures, and phalangeal malpositions, while the metacarpal
length is typically less affected10. Hence, the second to fourth
metacarpal ratio (MC2:MC4) may be more suitable construct to
study the potential association with OA. Further, there is very
limited longitudinal data on the risk of progression of OA and ﬁnger
length pattern. Therefore, we aimed to examine whether the
MC2:MC4 was associated with radiographic hand and knee OA and
its progression over 4e10 years in subjects with prior meni-
scectomy.ublished by Elsevier Ltd. All rights reserved.
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Study sample
We recruited patients who had undergone isolated unilateral
meniscectomy at Lund University Hospital in 1973, 1978, 1983,
1984, and 1985. All subjects were identiﬁed according to the sur-
gical code system as detailed11. In brief, those having had surgery in
1973 or 1978 had their ﬁrst radiographic examination (A) in 1994 or
1995. The corresponding radiographic examination A was per-
formed in year 2000 for those subjects who had meniscectomy in
1983, 1984, or 1985. All subjects had their second radiographic
examination (B) in 2004 or 2005. Hence, the follow-up timewas 9e
10 years and approximately 4 years, respectively (mean [SD] 7.0
[2.8] years). Only subjects whowere operated in 1973 and 1978 had
longitudinal hand radiography, .i.e., had hand radiographs acquired
at both the A and B examination. The study was approved by theMeniscectomy 1973, n = 203
Meniscectomy 1978, n = 137
Meniscectomy 1983-85, n = 519
Totally n = 859
Participants
at examination B
n = 249
Non-responders who were 
invited to examination B
n = 54
Non-responders
n = 127
Study cohort
n = 219
Invited to examination
n = 376
Participants
at examination A
n = 329
Fig. 1. Flowchart presenting thInstitutional Review Board of Lund University, and informed writ-
ten consent was obtained from all participants.
Radiographic examination
At the ﬁrst assessment (A) we obtained standard poster-
oanterior radiographs on ﬁlm of both hands using a Siemens Basic
Radiological System (Siemens GmbH, Erlangen, Germany) while
digital images were obtained at assessment B using a Phasix 60
generator (CGR, Liége, Belgium). The hand radiographs were taken
with each hand separately on the X-ray table in a prone position
with no angulation at the wrist. The central beam was directed on
the third metacarpophalangeal joint.
The ﬁrst knee radiographic follow-up examination (A) consisted
of weight-bearing anteroposterior images of both tibiofemoral
joints with the knee in w15 degrees of ﬂexion. Tibial plateau
alignment was veriﬁed through ﬂuoroscopy. For subjects assessedExcluded
• death
• relocation outside south Sweden
• resection of both menisci
• associated ligament injury
• articular fracture
• rheumatoid or psoriatic arthritis
• osteochondritis dissecans
• purulent arthritis
n = 403
Non-responders, n=122
no knee x-ray at A, n = 25
no knee x-ray at B, n=5
No x-ray, n = 7
B
Excluded
• death
• dementia
n = 5
e study group formation.
Table I
Characteristics of subjects (n ¼ 219) with prior meniscectomy and the subcohort
(n ¼ 118) with longitudinal hand radiographs available
Characteristic Study
sample
N ¼ 219
Subcohort with
longitudinal hand
radiographs N ¼ 118
Age, mean (SD) years
At surgery 34.9 (10.7) 32.3 (10.3)
Examination A 52.6 (10.5) 51.7 (10.4)
Examination B 59.6 (10.6) 61.3 (10.4)
Women, n (%) 44 (20) 30 (25)
Body mass index, mean (SD) kg/m2
Examination A 26.1 (3.7) 26.1 (3.9)
Examination B 27.3 (4.1) 28.0 (4.7)
Metacarpal ratio*, mean (SD)
Average 1.15 (0.03) 1.15 (0.03)
Right hand 1.15 (0.03) 1.15 (0.03)
Left hand 1.15 (0.03) 1.15 (0.03)
Men 1.15 (0.03) 1.15 (0.03)
Women 1.16 (0.03) 1.16 (0.03)
Prevalent hand OA at
examination A, n (%)
25 (21)y 25 (21)
Prevalent knee OA at
examination A, n (%)
115 (53) 63 (55)z
Progressors, hand, n (%) 69 (59)y 69 (59)
Progressors, knee, n (%)z 151 (69) 93 (81)z
* The length of the second metacarpal divided by the length of the fourth
metacarpal.
y Missing data for n ¼ 101 subjects.
z Missing data for n ¼ 3 subjects.
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Basic Radiological System (Siemens GmbH, Erlangen, Germany).
Those subjects who were assessed in 2000 (i.e., the 1983, 1984, and
1985 cohort) underwent the evaluation with a Phasix 60 generator
(CGR, Liége, Belgium)11. At the assessment B weight-bearing post-
eroanterior and lateral views of the tibiofemoral joint was obtained
using the ﬁxed-ﬂexion (SynaFlexer) protocol12,13. Body weight
was equally distributed between the two legs, and the great toes of
feet and the front of thighs were placed in contact with the front
plate of the Plexiglass positioning frame. The external rotation of
feet was ﬁxed at 10 using a V-shaped foot angulation frame sup-
port. For optimal plateau alignment the central X-ray beam was
guided by ﬂuoroscopy with the beam angled atw10 caudally. The
patellofemoral joint was assessed on the axial X-rays with a central
beam directed vertically, with knee joint set in 50 degrees of
ﬂexion.
Radiographic scoring and metacarpal length and ratio
One observer (PTP) measured the length of the second and
fourth metacarpal on ﬁlms from examination A, i.e., from the mid-
point of the metacarpal base to the mid-point of the tip of the
metacarpal with a ruler enabling measurement with precision of
0.1 mm. Digital X-rays were measured using MicroDICOM viewer
(Medical Connections Ltd., Swansea, Great Britain). The MC2:MC4
was calculated for each hand, and we used the average ratio from
the left and right hands for further analysis.
The same observer (PTP) read the hand joint images for joint
space narrowing (JSN) and osteophytes on a four-point scale (range
0e3, with 0 indicating no JSN or no evidence of bony changes) from
both examination A and B paired with knowledge of time sequence
in accordance with the atlas from Osteoarthritis Research Society
International (OARSI)14. Three joints with non-reducible disloca-
tion, or which were amputated, were recorded as missing values.
Also, one ﬁrst carpometacarpal joint with arthroplasty (due to
unknown cause) was recorded as missing value. We did not score
malalignment, erosion, subchondral sclerosis, or cysts. One of the
subjects had no X-ray of the left hand, and one subject lacked X-ray
of the right hand. In both these cases we used the results from the
hand with X-ray available.
Radiographic prevalent OA and OA progression
Hand
In the single hand joint, we considered radiographic OA to be
present if any of the following three criteria were fulﬁlled: (1) JSN
grade 2 or worse, (2) osteophyte grade 2 or worse, or (3) JSN grade 1
in combination with an osteophyte grade 1, approximating KL
grade 2 or worse.
We deﬁned radiographic progression of hand OA on a subject
level. We summed the JSN and osteophytes grades from all evalu-
ated joints from the subject’s both hands. We then deﬁned radio-
graphic progression as an increase in score from examination A to B
by at least 214,15.
Knee
Longitudinal knee radiographs were scored according to the
OARSI atlas as previously detailed13. We considered radiographic
knee OA to be present if any of the following criteria was fulﬁlled in
any of the two tibiofemoral compartments: JSN grade 2, a total
osteophyte score of2 or JSN grade 1 in combinationwith a grade 1
osteophyte in the same compartment. This cut-off approximates
Kellgren and Lawrence (KL) grade 2.
We also evaluated radiographic progression of knee OA on a
subject level by a change in the sum of knee JSN and osteophytescores from both knees between X-ray A and B. We deﬁned
radiographic progression as an increase in score by at least 1.
Statistical analysis
WedividedMC2:MC4 into tertiles for a subject-based analysis in
which the smallest MC2:MC4 (1.14) represented “male” pattern
and the highest MC2:MC4 tertile (1.17) represented “female”
pattern. We used Student’s t-test for continuous data and a Chi-
square test for dichotomous data. In order to evaluate the associ-
ation between MC2:MC4, radiographic OA and its progression we
used logistic regression to calculate the odds ratio (OR) and its 95%
conﬁdence interval (CI). We performed the analyses for knees and
hands separately. Prevalent OAwas evaluated based on the ﬁndings
from examination A, and OA progression was evaluated as the
change from examination A to B. The adjusted model included the
MC2:MC4 tertiles as an independent categorical variable and the
possible confounding factors age (divided into tertiles), sex, and
bodymass index as categorical covariates. For longitudinal analyses
of knees (progression) we also included follow-up time as a co-
variate (the follow-up time for the subjects with hand X-rays at two
time points was essentially the same). We used the highest
MC2:MC4 tertile “female pattern” as the reference category. We
performed analyzes using SPSS software version 15.0 (SPSS, Chi-
cago, Illinois), and considered a two-tailed P-value 0.05 to be
statistically signiﬁcant.
Results
Subject characteristics
Wemeasured and calculatedMC2:MC4 in 249 subjects who had
had hand radiography at examination B. Of them 25 persons did not
have knee X-rays at examination A and ﬁve had no knee X-ray at B.
Hence, we used a sample of 219 subjects with MC2:MC4 and lon-
gitudinal radiographs of the knee joints available (Fig. 1). The
sample consisted of 175 men and 44 womenwith a mean age of 53
years (median 52, range 30e78) at examination A (Table I).
Table II
Association of metacarpal ratio* and prevalence and progression of hand and knee OA in subjects with prior meniscectomy
Hand OA Knee OA
Prevalence Progression Prevalence Progression
Crude OR Adj. ORy 95% CI Crude OR Adj. ORy 95% CI Crude OR Adj. ORy 95% CI Crude OR Adj. ORz 95% CI
Metacarpal ratio
1.17 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
1.15e1.16 1.42 0.83 0.28e2.43 1.78 1.33 0.47e3.75 1.47 1.37 0.68e2.79 0.86 0.87 0.39e1.97
1.14 1.05 0.70 0.24e1.99 1.11 0.89 0.34e2.32 1.11 1.08 0.56e2.07 0.71 0.69 0.33e1.46
* The length of the second metacarpal bone divided by the length of the fourth metacarpal bone.
y Adjusted for age, sex, and body mass index.
z Adjusted for age, sex, body mass index, and follow-up time.
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progression of hand OA, i.e., those who had longitudinal hand ra-
diographs available (the 1973 and 1978 subcohort), consisted of 118
subjects (88men and 30 women). These subjects had amean age of
52 years (median 49, range 32e75) at examination A (Table I).
Metacarpal bone length and ratio
The second metacarpal bone was longer than the fourth in both
men and women (data not shown, P < 0.001) and men had on
average larger bone lengths than women (data not shown,
P < 0.001).
Radiographic OA and its progression
Hand OA
We found no statistically signiﬁcant associations between the
MC2:MC4 and the prevalence or progression of radiographic hand
OA (Table II).
Knee OA
We were not able to demonstrate a statistically signiﬁcant as-
sociation between the MC2:MC4 ratio and knee OA and its radio-
graphic progression (Table II).
Discussion
In this cohort study of subjects having had meniscectomy, we
neither detected any signiﬁcant associations between the ratio of
the length of MC2 andMC4 and radiographic hand and knee OA nor
its progression over 4e10 years. This is the ﬁrst study to evaluate
MC2:MC4 as a risk factor for OA progression.
A couple of prior cross-sectional studies have suggested type 3
pattern of index to ring ﬁnger ratio, i.e., low ratio or “male” pattern
is associated with OA of the knee. However, this ﬁnding could not
be conﬁrmed in a population-based dataset where Haugen et al.
also reported that low phalangeal index to ring ﬁnger length ratio
can be a consequence rather than a cause of interphalangeal OA8.
The reason is that OA is often more frequent or severe in the index
ﬁnger resulting in shorter digit due to loss of joint space. Still, there
is a valid rationale for “male” type 3 ﬁnger length pattern to be
associated with more post-traumatic OA, in particular of the knee,
due to higher risk taking behavior andmore knee injuries10. Indeed,
more knee injuries were reported in subjects with that phenotype
in the Framingham cohort although it was not fully translated into
more knee OA8.
Our present results corroborate the lack of relationship between
metacarpal ratio and knee OA prevalence previously published7,8,
but contrast with the ﬁndings from Zhang et al., who reported that
prevalence of knee OA was related to a type 3 MC2:MC46. The
diverging ﬁndings could potentially be related to the selection ofOA cases and controls, e.g., to the latter study to potentially have a
higher proportion of post-traumatic knee OA subjects.
Wewould like to point out some important limitations. We used
two different protocols for the knee radiographs at examination A
and B, respectively. However, both protocols were with the knee
joint semi-ﬂexed in weight-bearing guided by ﬂuoroscopy. All the
subjects evaluated had undergone meniscectomy several years
before the examination. However, about 50% had a degenerate
meniscus tear typically in absence of knee trauma. Meniscectomy
itself is a very potent risk factor for the development of knee OA and
could potentially mask other weaker endogenous risk factors.
Moreover, the group examined contains a relatively small propor-
tion of women and the sample is small. We only measured the
metacarpals since they are less likely to be affected in length by the
OA disease process than the full digit lengths. However, the
MC2:MC4 and phalangeal ratios may not represent a similar
construct. In fact, the classiﬁcation of the ratio into tertiles may be
very different depending if measurements are based on meta-
carpals or phalangeal lengths8. We did not perform any formal
reliability measurements of metacarpal lengths, but the observer
repeatedly performed checks to avoid drift.
In summary, our study suggests no major association between
MC2:MC4 and prevalent radiographic knee and hand OA and its
structural progression in subjects with prior meniscectomy.
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